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Monosodium  glutamate  (MSG)  has  been  recognized  as ﬂavor  enhancer  that  adversely
affects  male  reproductive  systems.  The  present  study was  carried  out to evaluate  the  poten-
tial protective  role  of  vitamin  E (vit  E) or selenium  against  MSG  induced  oxidative  stress
and  histopathological  changes  in  testis  tissues  of rats.  Mature  male  Wistar  rats  weighing
150–200  g BW  were  allocated  to evenly  twelve  groups  each  group  of  ten  animals,  the  ﬁrst
group was  maintained  as  control  group,  the  2nd, 3rd and  4th  groups  were  administered
MSG  in three  different  dose  levels  (low, medium  and high)  (6,  17.5 and  60  mg/kg  BW),  the
5th and 6th  groups  were  given  vit E  in  two doses  (low  and  high)  (150  and  200  mg/kg),  the
7th  and 8th  groups  were  administered  selenium  in two  doses  (low  and  high)  (0.25  and
1  mg/kg)  daily  via  gavage  for a period  of  30  days. Meanwhile  the 9th  and  10th groups  were
given  combinations  of MSG  (high  dose)  and  vit E while,  the  11th  and 12th  groups  were  given
MSG  (high  dose)  plus  selenium  in two  recommended  doses  for each  one.  Monosodium  glu-
tamate caused  an  elevation  in lipid  peroxidation  level  parallel  with  signiﬁcant  decline  in
SOD, CAT  as  well  as  GPx  activities  in  testis  tissues.  Administration  of  vit  E  or selenium  to
MSG-treated  groups  declined  lipid  peroxidation,  increased  SOD,  CAT, GPx activities.  Sele-
nium or  vit E signiﬁcantly  reduced  MSG  induced  histopathological  changes  by  the  entire
restoration  of  the histological  structures  and  the  testicular  antioxidant  status  to  great  extent
in treated  rats. In conclusion,  supplementation  of  selenium  or  vit E could  ameliorate  the
MSG  induced  testicular  toxicity  to great  extent  and reduce  the  oxidative  stress  on testis
tissues.
©  2014  The  Authors.  Published  by  Elsevier  Ireland  Ltd. This  is  an  open  access  article  under
Y-NC-Nthe CC  B
. IntroductionMonosodium glutamate (MSG), a white crystalline pow-
er,  is the sodium salt of a naturally occurring non-essential
Abbreviations: MSG, monosodium glutamate; vit E, vitamin E; SOD,
uperoxide dismutase; CAT, catalase; MDA, malondialdhyde; GPx, glu-
athione peroxidase.
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amino acid, glutamic acid [1]. MSG  is commonly marketed
as  a ﬂavor enhancer and is used as a food additive particu-
larly in West African and Asian dishes [2]. Generally, MSG
is  accepted as a safe food additive that needs no speciﬁed
average daily intake or an upper limit intake [3]. However,
inadvertent abuse of this food additive may  occur because
of  its abundance, mostly without labeling, in many food
ingredients [4].
MSG  – is the sodium salt of glutamic acid [5]. MSG  con-
tains 78% of glutamic acid, 22% of sodium and water [3].
Glutamate is one of the most common amino acids found
is is an open access article under the CC BY-NC-ND license
xicology1038 R.Z. Hamza, M.S. AL-Harbi / To
in nature and is the main component of many proteins
and peptides of most tissues. Glutamate is also produced in
the  body and plays an essential role in human metabolism.
MSG  is a widely used ﬂavor enhancing food additive that
may  be present in packaged foods without appearing on the
label.  This ﬂavor enhancer, not very long ago, was isolated
in  the laboratory, and identiﬁed as MSG. Modern commer-
cial  MSG  is produced by fermentation of starch, sugar, beet
sugarcane or molasses [6].
Some reports indicated that MSG  was toxic to human
and experimental animals [7,8]. MSG  could produce symp-
toms  such as numbness, weakness, ﬂushing, sweating,
dizziness and headaches. In addition, ingestion of MSG  has
been  alleged to cause or exacerbate numerous conditions,
including asthma, urticaria, atopic dermatitis, ventricu-
lar  arrhythmia, neuropathy and abdominal discomfort [9].
MSG  has a toxic effect on the testis by causing a signiﬁcant
oligozoospermia and increases abnormal sperm morphol-
ogy  in a dose-dependent fashion in male Wistar rats [10].
It  has been implicated in male infertility by causing tes-
ticular  hemorrhage, degeneration and alteration of sperm
cell  population and morphology [11–13].
Antioxidants have been reported to play a signiﬁcant
role in the protection against lipid peroxidation. Vitamin
E  is antioxidants that are thought to have a protective
effect by either reducing or preventing oxidative dam-
age.  Lipid soluble vit E prevents lipid peroxidation chain
reactions in cellular membranes by interfering with the
propagation of lipid radicals [14]. It is well known as
non-enzymatic antioxidant [15,16]. Vitamin E inhibits per-
oxidation  of membrane lipids by scavenging lipid peroxyl
radicals [17,18], and it also inhibits oxidative damage in
several  tissues by heavy metals and pesticides in experi-
mental animals [17,19].
Selenium  plays an important role in many biological
processes and it can protect against a number of diseases.
It  reduced sperm abnormalities by chemicals [20]. Sele-
nium  (Se), is an important antioxidant nutrient, is essential
for  normal testicular development, spermatogenesis and
spermatozoa motility and functions [21]. Ursini et al. [22]
reported  that Se supplementation in sub fertile men  with
low  Se status could improve sperm motility and increase
the  chance of successful conception. Selenium has also
been  demonstrated to have the protective effects against
the  toxicity of metals in the male reproductive system of
experimental animals [23]. In spite of some studies on the
effects  of Se on spermatogenesis on rodent testis, little is
known  about the effects of Se on testicular testosterone
synthesis.
It has been suggested that both Se and vit E have a pro-
tective role in peroxide damage to the sperm cell [24].
In  the last few years, fear had increased due to the
adverse reactions and toxicity of MSG, with few and limited
literature regarding the biochemical and histological stud-
ies  of the damage in testis treatment of animals with MSG.
So,  the present study was  designed to investigate the effects
of  MSG  on the testicular tissue of mature male rats. In
addition, to the best of our knowledge, no comprehen-
sive study concerning the protective effect of vit E and Se
on  MSG-induced inhibition of spermatogenesis and exhib-
ited  spermatogenic arrest which may  be one of the main Reports 1 (2014) 1037–1045
reasons  affecting on reproductive performance. The main
objective of the present work is to study the effect of Se or
vit  E and their role in amelioration of the testicular toxicity
induced by MSG  and reduction of the oxidative stress on
testis  tissues which may  improve the reproductive perfor-
mance.
2.  Materials and methods
2.1.  Animals
This study was  performed on 120 mature male Wistar
rats, weighing about 150–200 g BW.  Animals were obtained
from  the animal house of Faculty of Veterinary Medicine,
Zagazig University in Egypt. They were breeding in a well-
ventilated room with the temperature ranging between
22  and 25 ◦C and maintained under standardized condi-
tions away from any stressful conditions with 12/12 light
and  dark cycle with free access to humidity and were fed
dry  balanced meal for experimental animals provided by
the  General Organization for Grain Silos and Flour Mills in
Jeddah,  with a constant source of water. All experimen-
tal procedures and animal maintenance were conducted in
accordance  with the accepted standards of animal care per
cage  (Council of Europe, European convention for the pro-
tection  of vertebrate animals [25]). We  have followed the
European community Directive (86/609/EEC) and national
rules  on animal care. One group served as control. Animals
were  weighed and randomly allocated into 12 groups (10
rats  each) as following.
2.2.  Chemicals
Monosodium glutamate (C5H9NO4·Na) with purity 99%
NT  was sold in most open markets under the license of
Ajinomoto Co. Inc., Tokyo, Japan. A stock solution was pre-
pared  by dissolving of 60 g of MSG  crystals in 1000 ml  of
distilled  water. The dose schedule was so adjusted that
the  amount of MSG  administration per animal was as per
their  respective weight. Vitamin E was  supplied by Merck
(Germany) and selenium tablets were supplied by Wassen
Company.
2.3.  Experimental protocols
Rats  were divided into twelve groups, each consisting
of ten rats. Group 1 – control rats treated with 1 mg/kg
BW corn oil per day; Group 2 – MSG  – low dose treated
rats (6 mg/g BW per day in distilled water) [26]; Group 3
–  MSG  – medium dose treated rats (17.5 mg/g BW per day
in  distilled water); Group 4 – MSG  – high dose treated rats
(60  mg/g BW per day in distilled water); Group 5 – vit E
treated rats (low dose; 150 mg/kg BW per day in corn oil)
[27];  Group 6 – vit E-treated rats (high dose; 200 mg/kg
BW per day in corn oil) [28]; Group 7 – Se-treated rats (low
dose;  0.25 mg/kg BW per day in distilled water) [29]; Group
8  – Se-treated rats (high dose; 1.0 mg/kg BW per day in
distilled water). Group 9 – MSG  (high dose; 60 mg/kg BW)
plus  vit E (low dose; 150 mg/kg BW per day, respectively);
Group 10 – MSG  was treated with high dose of MSG  and vit
E  (high dose; 200 mg/kg BW per day, respectively); Group
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1 – MSG  (high dose of MSG  with Se at low dose; 0.25 mg/kg
W  per day); Group 12 – MSG; the animals in this group
as treated with high dose of MSG  and high dose of Se
1.0  mg/kg BW per day). The doses were administered in
he  morning (between 9.30 and 10.30 h) to non-fasted rats.
The  ﬁrst day, when the animals were treated was  con-
idered experimental day 0. At the end of the 30 days of
reatment, all animals were scariﬁed and dissected. The
estis  tissues were quickly processed for light microscope
nvestigations and biochemical examinations.
.4. Tissues homogenates preparation and estimation of
ntioxidant capacities parameters;
The excised testicular tissue was washed with dis-
illed water for the removal of blood, and later the
atty parts were removed. Tissues were homogenized in
ce-cold  50 mM sodium phosphate buffer (pH 7.4) contain-
ng  0.1 mM ethylenediaminetetraacetic acid (EDTA). The
upernatant was separated by means of centrifugation at
000  rpm for 20 min  at 4 ◦C. The supernatant was used for
he  analyses of all biochemical parameters.
.4.1. Lipid peroxidation assay
TBARS content was evaluated by using the thiobarbi-
uric acid (TBA) test as described by Ohkawa et al. [30]. After
ncubation of testis homogenates with TBA at 95 ◦C, TBARS
eacts  to form a colored complex. Absorbance was  mea-
ured  spectrophotometrically at 532 nm to determine the
BARS  content. The level is expressed as nmol/mg protein.
.4.2.  Measurement of superoxide dismutase (SOD)
SOD activity was measured according to the method
escribed according to Marklund and Marklund [31] by
ssaying  the auto oxidation of pyrogallol at 440 nm for
 min. One unit of SOD activity was calculated as the
mount of protein that caused 50% pyrogallol autooxida-
ion inhibition. A blank without homogenate was  used
s  a control for non-enzymatic oxidation of pyrogallol in
ris–EDTA  buffer (50 mM Tris, 10 mM EDTA, pH 8.2). The
OD  activity is expressed as U/mg protein.
.4.3. Measurement of catalase (CAT)
CAT activity was measured according to the method
escribed by Aebi [32] by assaying the hydrolysis of H2O2
nd the resulting decrease in absorbance at 240 nm over
 3 min  period at 25 ◦C. Before determination of the CAT
ctivity, samples were diluted 1:9 with 1% (v/v) Triton X-
00.  CAT activity is expressed as mmol/mg  protein.
.4.4. Measurement of glutathione peroxidase (GPx)
GPx activity was measured using H2O2 as substrate
ccording to the method described by Paglia and Valentine
33].  The reaction was monitored indirectly as the oxida-
ion  rate of NADPH at 240 nm for 3 min. A blank without
omogenate was used as a control for non-enzymatic oxi-
ation  of NADPH upon addition of hydrogen peroxide in
.1  M Tris buffer, pH 8.0. Enzyme activity was expressed as
mol/mg  protein. Reports 1 (2014) 1037–1045 1039
2.5.  Histopathology
For histopathological examination, testis tissues were
dissected and ﬁxed in neutral buffered formalin solution.
Then samples were processed by using a graded ethanol
series, and embedded in parafﬁn. The parafﬁn sections
were cut into 5 -thick slices and stained with hematoxylin
and eosin for histological examination [34].
2.6. Statistical analysis
Data  were collected, arranged and reported as
mean ± standard error of mean (SEM) of twelve groups, and
then  analyzed using the computer program (SPSS/version
15.0). The statistical method was  one way  analyzes of vari-
ance  ANOVA test, and if signiﬁcant differences between
means were found, Duncan’s multiple range test (Whose
signiﬁcant level was deﬁned as P < 0.05) according to [35]
to  estimate the effect of different treated groups.
3. Results
3.1. Lipid peroxidation (MDA) levels
MDA level was  signiﬁcantly elevated in MSG  (high dose)
treated group as compared with normal control group, fol-
lowed  by signiﬁcant increase in both MSG  (medium and
low  dose treated groups) with respect to normal con-
trol  group. Meanwhile, groups treated with MSG  (high
dose)  co-administered with either vit E (High or low dose)
afforded signiﬁcant increase in MDA  level when com-
pared with normal control group, while elicited signiﬁcant
decrease when compared with MSG  treated groups either
(high,  medium or low doses). The MSG  (high dose) plus Se
either  at high or low dose afforded signiﬁcant decrease in
MDA  level as compared with MSG-treated groups in three
doses  and these were the best ameliorative results that suc-
ceeded  in decreasing MDA  levels after treatment of rats
with  MSG  co-administered with Se.
On the other hand, the Se-treated groups either in high
or  low dose elicited non-signiﬁcant increase in MDA  levels
as  compared to control group. Meanwhile, vit E (high dose)
elicited  a signiﬁcant decrease in MDA  level as compared to
normal  control group, while vit E (high dose) elicited non-
signiﬁcant changes in MDA  level as compared to control
group (Table 1 and Fig. 1).
3.2. Catalase (CAT) activity
Table  1 and Fig. 2 revealed that the administration of
MSG  in three doses (high, medium and low dose) to rats
induced highly signiﬁcant decrease in CAT activities as
compared to control group. Meanwhile rats treated with
either  vit E (in low or high dose) and/or Se (in either low or
high  dose) exhibited non-signiﬁcant changes in CAT activ-
ity  when compared with control group. On the other hand,
MSG  (high dose) treated group co-administered with vit
E  (high or low dose) and MSG  (high dose) followed by
administration of Se either (high or low dose) elicited slight
decrease  in CAT activity as compared with normal control
group, but afforded signiﬁcant increase in CAT activities
1040 R.Z. Hamza, M.S. AL-Harbi / Toxicology Reports 1 (2014) 1037–1045
Table 1
Effects of monosodium glutamate (MSG), vitamin E, selenium and their combinations with MSG  on antioxidant parameters capacities.
Groups MDA  (nmol/mg protein) CAT (mmol/mg protein) SOD (U/mg protein) GPx (nmol/mg protein)
(1) Control group 0.24 ± 0.11f 0.86 ± 0.12a 9.35 ± 0.36ab 5.67 ± 0.63ab
(2) MSG high dose 5.42 ± 0.13a 0.35 ± 0.10d 2.63 ± 0.45h 2.10 ± 0.85g
(3) MSG medium dose 3.54 ± 0.14b 0.24 ± 0.07f 3.25 ± 0.22g 3.25 ± 0.24f
(4) MSG low dose 1.52 ± 0.07d 0.45 ± 0.02e 4.21 ± 0.11f 3.75 ± 0.41f
(5) Vitamin E high dose 0.25 ± 0.02f 0.85 ± 0.23a 9.20 ± 0.96b 5.55 ± 0.74b
(6) Vitamin E low dose 0.30 ± 0.05e 0.81 ± 0.04ab 9.02 ± 0.35bc 5.24 ± 0.36c
(7) Selenium high dose 0.26 ± 0.02f 0.87 ± 0.15a 9.28 ± 0.42b 5.50 ± 0.36b
(8) Selenium low dose 0.29 ± 0.07f 0.80 ± 0.15ab 8.89 ± 0.42c 5.21 ± 0.65c
(9) MSG high dose + vit E high group 2.33 ± 0.01c 0.63 ± 0.18c 6.75 ± 0.36d 3.99 ± 0.10e
(10) MSG  high dose + vit E low group 3.47 ± 0.03b 0.52 ± 0.14d 6.47 ± 0.36e 3.47 ± 0.66ef
(11) MSG  high dose + selenium high dose 0.92 ± 0.12e 0.45 ± 0.32e 7.25 ± 0.21d 4.21 ± 0.84d
(12) MSG  high dose + selenium low dose 1.54 ± 0.19cd 0.53 ± 0.19d 7.10 ± 0.58d 4.17 ± 0.34d
Means within the same column in each category carrying different litters are signiﬁcant at (P ≤ 0.05) using Duncan’s multiple range tests, where the highest
mean  value has symbol (a) and decreasing in value were assigned alphabetically.
Fig. 1. Effects of treatment of monosodium glutamate (high, med, low doses), vit. E (high, low doses), Se (high, low doses) and their combinations with
MSG  on MDA  contents in the testis tissues of rats. Data represents the means ± SD of seven samples. (MSG, monosodium glutamate, vit E, vitamin E; H
dose,  high dose; M dose, medium dose; L dose, low dose; Se, selenium) Values are mean ± SD of seven rats in each group.
oses), v
ns ± SD o
 are meaFig. 2. Effects of treatment of monosodium glutamate (high, med, low d
MSG  on CAT contents in the testis tissues of rats. Data represents the mea
high  dose; M dose, medium dose; L dose, low dose; Se, selenium). Values
as compared with MSG-treated groups either in (high,
medium or low doses) as this effect was much less intense
in  groups treated with either MSG  with vit E or Se.3.3.  Superoxide dismutase (SOD) activity
It was obvious from table that treatment of normal
rats with MSG  in three doses (high, medium or low)it. E (high, low doses), Se (high, low doses) and their combinations with
f seven samples. (MSG, monosodium glutamate; vit E, vitamin E; H dose,
n ± SD of seven rats in each group.
elicited signiﬁcant decrease in SOD activity as compared
with control group, at the same time, the adminis-
tration of vit E in either high or low doses afforded
non-signiﬁcant decrease in SOD activity as compared to
normal  control group. However, Se-treated group at low
dose  afforded signiﬁcant decrease in SOD activity as com-
pared  to control group. Meanwhile, Se-treated animals
at  high dose exhibited non-signiﬁcant decrease in SOD
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Vig. 3. Effects of treatment of monosodium glutamate (high, med, low d
SG  on SOD content in the testis tissues of rats. Data represents the mean
igh  dose; M dose, medium dose; L dose, low dose; Se, selenium) Values 
ctivity when compared with control group (Table 1 and
ig.  3).
At  the meantime, MSG  treated groups in (high, medium
nd low doses) afforded signiﬁcant increase in SOD as com-
ared  to normal control group; meanwhile they elicited
igniﬁcant decrease with respect to normal control group.
.4.  Glutathione peroxidase (GPx)
Administration of MSG  in three doses (high, medium
r low doses) induced signiﬁcant decrease in GPx activ-
ty  as compared to control group. On the same time, vit E
high  dose) treated group and Se (high dose) treated group
licited  non-signiﬁcant changes in GPx activity as com-
ared  to control group. On the other hand, vit E (low dose)
nd  Se (low dose) elicited slight signiﬁcant decrease in GPx
ctivity  as compared to normal control group. Meanwhile,
SG  (high dose) followed by administration of either vit E
high  or low dose) or followed by Se at high or low dose
licited slight decrease in GPx activity with respect to nor-
al  control group (Table 1 and Fig. 4).
ig. 4. Effects of treatment of monosodium glutamate, vit. E, Se and their combinat
he  means ± SD of seven samples. (MSG, monosodium glutamate; vit E, vitamin E;
alues  are mean ± SD of seven rats in each group.it. E (high, low doses), Se (high, low doses) and their combinations with
f seven samples. (MSG, monosodium glutamate; vit E, vitamin E; H dose,
n ± SD of seven rats in each group.
3.5. Histopathological investigation
At the end of the 30 days of treatment, the spermato-
genic cells in the seminiferous tubules appeared to have
normal  histological structure in control group. Testis of
the  male control treated rats appears to be oval in shape
and  showed normal seminiferous tubules – surrounded
by few edematous stroma containing small groups of ley-
dig  cells (Fig. 5A). In the MSG-treated group with high
dose, seminiferous tubules were observed ﬁlled by sper-
matogenic cells with few sperm formation and showing
seminiferous tubules ﬁlled by spermatogonia only with few
sperm  formation (Fig. 5B and C). Meanwhile, in group 3
(vit  E treated group high dose) there were testicular tissues
showed normal seminiferous tubules surrounded by small
groups  of leydig cells (Fig. 5D). On the other hand, in group
4  (Se-treated group high dose), testicular tissues showed
seminiferous tubules lined by layers of spermatogenic cells
up  to sperm formation (Fig. 5E). While, group 5 treated with
(MSG  + vit E at high dose) showed seminiferous tubules
lined by few layers of spermetrogenic cells and few sperms
(Fig.  5F). While group 6 treated with (MSG + Se at high dose)
ions with MSG  on GPX content in the testis tissues of rats. Data represents
 H dose, high dose; M dose, medium dose; L dose, low dose; Se, selenium).
1042 R.Z. Hamza, M.S. AL-Harbi / Toxicology Reports 1 (2014) 1037–1045
Fig. 5. (A) Testicular section of control rats 100×. (B and C) Testicular sections of MSG  (high dose) treated rats showing (B) seminiferous tubules ﬁlled
by  spermatogenic cells up to spermatid only with no sperm formation (SA, spermatogenic arrest). (C) Showing seminiferous tubules ﬁlled by primary
spermatogonia only with no sperm formation (spermatogenic arrest) (PSC, primary spermatogenic cells). (D) Vit. E treated rats (high dose) testicular
tissues  showing normal seminiferous tubules surrounded by edematous stroma containing small groups of leydig cells (SE, seminiferous tubules; ES,
edematous  stroma). (E) Selenium treated rats (high dose) Showing seminiferous tubules lined by layers of spermatogenic cells up to sperm formation and
surrounded  by thin basement membrane (SC, spermatogenic cells). (F) MSG  (high dose) + vit. E (high dose) showing seminiferous tubules lined by few
layers  of spermetrogenic cells and few sperms (FSC, few spermatogenic cells). (G) MSG  (high dose) + selenium (high dose) Showing seminiferous tubules
lined  by few layers of spermetrogenic cells and moderate number sperms (MNS, moderate number of sperm).
xicology
s
m
4
t
m
a
T
k
f
t
[
p
p
m
p
w
s
a
m
a
t
t
[
l
f
e
t
b
p
i
p
d
a
r
M
a
c
t
a
a
e
s
h
s
s
o
z
f
a
a
i
e
tR.Z. Hamza, M.S. AL-Harbi / To
howed seminiferous tubules lined by few layers of sper-
etrogenic cells and moderate number sperms (Fig. 5G).
.  Discussion
Lipid peroxidation is one of the main processes of oxida-
ive  damage, which plays a critical role in the toxicity of
any  xenobiotic (Ongjanovic et al. [75]). It was evalu-
ted by assessment of TBARS [36]. In the present study,
BARS levels also increased in the MSG  treated rats. It is
nown  that MSG  produces reactive oxygen species. There-
ore,  antioxidant enzymes could play a crucial role on MSG
oxicity  [37]. Our results was in harmony with Tezcan et al.
38]  who declared that MDA  is one of the ﬁnal decom-
osition of lipid peroxidation and it is also formed as a
roduct  of the cyclooxygenase reaction in prostaglandin
etabolism and this assure our ﬁnding who conclude the
resence  of oxidative stress in rats treated with MSG  in
hich  there was high level of MDA.
In agreement with previous study, the susceptibility of
permatozoa to oxidative stress as a consequence of the
bundance of unsaturated fatty acids in the sperm plasma
embrane and a very low concentration of cytoplasmic
ntioxidants is well known [39].
We demonstrated that the major reason for damage of
esticular tissues is the increasing level of lipid peroxida-
ion and these ﬁndings was in parallel with Aitken et al.
40]  who reported that the increased lipid peroxidation
ed to oxidative damage to sperms DNA, alter membrane
unctions, impair motility and possibly have a signiﬁcant
ffect on the development of spermatozoa. Possibly, the
oxic  effects of MSG  on the spermatozoa physiological and
iochemical parameters might be related to the increased
roduction of free radicals in the rat reproductive organs.
There  is a defense system which consists of antiox-
dant enzymes such as GPx, SOD and CAT [41–43]. The
resent investigation revealed that MSG  caused signiﬁcant
ecrease in SOD, CAT and GPx activities and these ﬁndings
re  greatly in accordance with Fábio et al. [37] who reported
eduction in both SOD and GPx after administration of
SG  and signiﬁcant amelioration in these parameters
fter combination with Quercetin. These enzymes are also
onsidered as an important indicator of the balance sta-
us  between the ﬁrst and second step of the enzymatic
ntioxidant pathway [44]. The testis, epididymis, sperm
nd  seminal plasma contain high activities of antioxidant
nzymes [45]. Whereas SOD catalyzes the conversion of
uperoxide radicals to hydrogen peroxide, CAT converts
ydrogen peroxide into water [46]. Therefore, SOD–CAT
ystem provides the ﬁrst defense system against oxidative
tress and these enzymes work together to eliminate active
xygen  species [47,48].
Glutathione  peroxidases are antioxidant selenoen-
ymes that are present in the cytosol of cells. The major
unction of these enzymes, which use glutathione (GSH)
s  a substrate, is to reduce soluble hydrogen peroxide and
lkyl  peroxidases [43]. GPx converts hydrogen peroxide
nto water in the presence of oxidated glutathione [49].
In  this study, the cleared decrease of SOD, CAT and GPx
nzymes in MSG  treated group may  be due to the consump-
ion  during the breakdown of free radicals and high level Reports 1 (2014) 1037–1045 1043
of  H2O2 or the inhibition of these enzymes by these radi-
cals. Thus, the changes in oxidative defense systems and
increase the level of oxidants in the testis tissues associated
with MSG  exposure leading to increased lipid peroxidation.
MSG  may also affect male reproductive function
(Alalwani et al. [77]). In this study MSG  caused sev-
eral histopathological changes like spermatogenic arrest,
edema, and hypospermia. It may  be related to oxidative
effects of MSG  on testis cell membrane and also testis tis-
sues.
Oxidative damage primarily occurs via production of
reactive oxygen species such as superoxide anion, per-
oxides, and it can damage to lipids, proteins and DNA.
Therefore, it may  cause to loss of enzymatic activity and
structural integrity of enzymes and activate inﬂammatory
processes [50]. It is suggested that toxic effects of MSG lead
to  alterations in the structural integrity of mitochondrial
inner membrane, resulting in the depletion of mitochon-
drial GSH levels and increased formation of hydrogen
peroxide by the mitochondrial electron transport chain
(Sener et al. [74]). Oxidative stress plays an important
role in the etiology of defective sperm formation, function,
sperm count proﬁle and male infertility [19,51].
The maturation arrest observed in the present study
which is represented by few numbers of spermatogenic
layers and few sperms in the group treated with MSG  was
reinforced by El-Wessemy [52] who correlated this arrest
to  the testosterone inhibition which caused stopping of
spermatogenesis. Previous researches have explained the
mechanisms by which MSG  inhibited the spermatogen-
esis in the current experiment. Glutamate receptors are
present  in different tissues: the hypothalamus, spleen, thy-
mus,  liver, kidneys, endocrine system, ovaries, etc. [53].
Our  results came in harmony with other studies that
proved the presence of functional glutamate transporters
and receptors in testes of rats [54,55] in mice. One of the
mechanisms may  be a direct effect of MSG  via glutamate
receptors and transporters on the epithelial cells of the
seminiferous tubules.
Selenium  can strengthen antioxidant ability by enhanc-
ing  activities of antioxidant enzymes and by increasing
contents of the antioxidants [56]. Inorganic Se such as
sodium  selenite is commonly used with vit. E for supple-
mentation in animals diagnosed with Se deﬁciency or in
animals  residing in Se deﬁcient areas [57]. In this study,
the  protective efﬁcacy of selenium on MSG  toxicity may  be
due  to its antioxidant effects.
Selenium is present in biological systems as selenopro-
teins, which characteristically are oxidoreductases. These
selenoenzymes have a variety of activities [58] and many
of  them, including the GPx and the thioredoxin reductases,
have oxidant defense functions. Under conditions of sele-
nium  deﬁciency, tissue levels of these enzymes fall and
oxidative stress conditions develop [59]. This increases the
susceptibility of cells to certain types of oxidative and this
is  greatly was in harmony with our results as the oxidative
stress level was  low in Se-treated group while it was  higher
in  group treated with MSG.
Our  results are in agreement with Rao and Sharma [60]
who  had reported that co-administration of mercuric chlo-
ride  and vit E was  protective effect in their study. Because
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the major criterion of irreversibility of cell injury is dam-
age  to the plasma membrane, vit E becomes essential in the
protection against chemical insult [61].
In the present study, vit E showed protective effect
against MSG. This effect may  be due to impaired absorption
of  MSG  in the gastrointestinal tract and/or its antioxi-
dant effect [62]. Vitamin E prevents oxidative damage
to  sensitive membrane lipids by destroying hydroperox-
ide formation, acting in conjunction with Se, and protects
cellular membranes and lipid containing organelles from
peroxidative damage by oxidative stress [63].
5. Conclusion
In this work, biochemical and histopathological alter-
ations observed in testis tissues of rats exposed to MSG. In
addition  to this, Se or vit E ameliorated the MSG  induced
testicular toxicity to great extent and reduce the oxidative
stress on testis tissues and thus instead of damaging testi-
cular  tissues, it enhanced male reproductive performance.
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